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Abstract

In this report, we undertake the task of verifying the VLSTRACK model on the specific
example of raindrop terminal velocities, which were calculated directly from Fluid Dynamics.
In this example, the verification is in good agreement with experiments.
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Executive Summary

In this research, we undertook a task to verify the validity of the Vapor, Liquid, and Solid
Tracking (VLSTRACK) Computer Model in calculating terminal velocity of raindrops. The findings

compare very well with Fluid Dynamics calculations and experiments.

The version VLSTRACK 1.6.2, used here, is developed and owned by the U.S. Naval Surface
Warfare Center (NSWC), Dahlgren Division, Dahlgren, VA 22448-5100.

If the revision of VLSTRACK is contemplated, we recommend that more detailed documentation

of input parameters for explaining specific tasks be included.
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1. Introduction

In this report, we are verifying whether the VLSTRACK [1] computer model is applicable for
a specific example—comparison of terminal velocities of falling water droplets under the influence
of gravity and drag forces (the drag forces contain ordinary drag forces and buoyancy forces).
Specifically, we are comparing the VLSTRACK calculated terminal velocities in the atmosphere

with those calculated interactively through fluid dynamics formalism [2].

Although one might think that this is a simple task, it turned out that before one could set
VLSTRACK to calculate the terminal velocities, a lot of preliminary manipulations were necessary

in the data input files in order to successfully accomplish this comparison.

Section 2 outlines the purpose of this analysis. Section 3 is devoted to recapitulation of fluid
dynamics calculations of raindrop terminal velocities and the experimentally determined values. The
analysis using VLSTRACK is discussed in section 4. Section 5 provides the velocities and

summarizes the results. The significant results are discussed in section 6.

The purpose of this report is to show that an accurate description of a particular situation by
VLSTRACK requires significant manipulation of input VLSTRACK parameters. Our specific
example of VLSTRACK calculated raindrop terminal velocities and their subsequent comparison
with fluid dynamics calculations [2] and experimental data [3] illustrates how comparisons for other

agents may be made.

2. Theory: Overview 6f Fluid Dynamics Calculations of
Raindrop Terminal Velocities

Here we give a short review of fluid dynamics calculations of raindrop terminal velocities. A

full account may be found in Soln [2].




When a raindrop is of a diameter that is smaller than 5 mm, one can treat a freely falling droplet

as a sphere; a fact that can be verified a posteriori by comparison with experiments.

Treating a droplet as a sphere with water density simplifies the calculation of the terminal

velocities.

For the sake of completeness, we write down the differential equation for the water sphere when
forces acting on it are all in the vertical direction. The velocity of the sphere in the horizontal
direction is assumed to be zero. Hence the differential equation for the vertical motion of the sphere

reads as follows:

Py (1,8} (1-5)e-3P
(1 2)[ (1-p)g- =L, uful, )

where u is the velocity of the sphere in the vertical direction, whose coordinate here is denoted as

y, looking upward.
The relevant parameters appearing in equation (1) are:
p = 1000.0 kg/m?, p, = 1.22 kg/m3, p = Lic g 0.0012, g = 9.8 m/s?, )
p

where p is the density of water, p; is the density of air, and c, is a drag coefficient that depends on
the dimensionless Reynolds number

ca=cy(R). 3)

The Reynolds number has to be computed separately for each velocity, u, according to

R = —, (4)




where d is the diameter of the sphere and v is the ordinary viscosity of air:

v = 0.0000149 m?s . )

For air as a medium, empirical relation (3) can be specified as [2, 3]

1 < R < 400. ©)

The terminal velocity u, follows when equation (1), acceleration, is equivalent to zero, i.e., When
the velocity in the downward direction becomes constant. Thus, equating (1) to zero and setting

u = —u,, where u, looks in the downward direction, we obtain:

_ [2e-pa | ;
u, ' e )

The next thing one does is to “guess” on the initial value of terminal velocity u,for a droplet with
a given diameter d. For example, for d = 0.001 m, we guess the initial value for u, to be 3 m/s.
Putting this into relation (4) for the velocity u, we obtain R, = 201.34. This now is used to calculate
¢, according to relation (6), resulting in ¢, = 0.78. Now we have everything for calculating the
“improved” value for u, according to relation (7). The improved value is u, = 3.73 m/s. Now one
repeats the cycle with this new value for u, yielding even better approximation for u,. Eventually,
this repetition will yield u,’s that do not differ from each other, which means that we found the most

accurate value for u,. In our case, u, = 4.1 nv/s as a final value.

One can do this type of calculation of u, for every diameter d. The results are exhibited and

compared to equivalent values and VLSTRACK calculations in Table 1.




Table 1. Comparison of VLSTRACK Calculated, Fluid Dynamics Calculated,
and Experimental Terminal Velocities of Water Droplets

Fluid Dynamics VLSTRACK
Calculations of Calculations of Measured Terminal
Mass Median Terminal Velocity of Terminal Velocity of Velocity of Water
Diameter (MMD) Water (Sphere) Water (Sphere) (Droplet)
1) (m/min) (m/min) (m/min)
" 500 108.0 122.8 120.0
I 1,000 246.0 232.9 240.0
I 1,500 336.0 305.6 330.0
I 2,000 390.0 379.8 396.0
2,500 444.0 407.5 450.0 .
| 3,000 480.0 431.6 492.0
| 3,500 522.0 448.2 522.0
4,000 558.0 453.8 540.0
4,500 588.0 458.8 546.0
5,000 624.0 463.3 546.0
5,500 648.0 467.4 552.0
471.2 552.0

I 6,000 684.0

The measured terminal velocities of water droplets come from Blanchard [3]. The VLSTRACK

data will be discussed in the next section.

3. Implementation: Analysis Using VLSTRACK

Now that we have provided the rationale for calculated terminal velocity, we want to look at

VLSTRACK computer model [1] calculated terminal velocities compared to those we have

calculated interactively through the fluid dynamics equation sequence discussed in Section 2.

The sequence we used to set up the VLSTRACK files is discussed in this section. We are going

to specify the process used to compute the VLSTRACK results in Table 1. Before starting to




interrogate VLSTRACK, we must determine the boundaries of what comparisons we want to make.
We want to compare VLSTRACK calculated values to the fluid dynamics calculated values, so we
need to duplicate the parameters used in the fluid dynamics terminal velocity calculations as closely
as possible. This means that we want to look at the water droplet as a rigid sphere. We therefore
set forth to define a VLSTRACK “threat” scenario that will replicate the physical conditions and

properties of a rigid sphere of water and will mimic stabile atmospheric conditions.

The first step in this definition sequence was to establish an agent in the agent parameter file
named VLSAGN.PAR [1] to define the physical properties of the rigid sphere of water. The agent
file was modified to identify water as a biological type agent (type 5), meaning that the water would

be treated as particle beads rather than as a liquid.

Agent parameter file specifications also include the bulk density, dissemination efficiency,
median lethal or effective dosage, probit slope, and freezing temperature. Dissemination efficiency
was set at 100%, and median lethal or effective dosage was set at only 0.001 mg-mi/m? to assure the
water would exhibit deposition (in the case of deposition runs) and that effects would be detected
(in the case of dosage effects runs). The bulk density, probit slope, and freezing temperature were
set equivalent to that of water. In addition to the overall agent identification, each type 5 agent
includes particle MMD [1], geometric droplet/particle distribution sigma, particle density, daytime
biological decay rate, nighttime biological decay rate, biological agent purity, and biological agent
dissemination efficiency for exploding munitions. The particle MMD was varied from 500 p to
6,000 1 in increments of 500 p. The fluid dynamics calculations are valid up to a water droplet
diameter of 5,000 p. We included up to 6,000 p diameters in order to exhibit explicitly the departure
from experimental values. The geometric droplet/particle distribution sigma was set at 1, signifying
that all droplets are the same size; the particle density was set at that of water (at 21° C) equal to 1
g/cm?; and the biological agent dissemination efficiency is not pertinent since it is not used when
user-defined (i.e., puff-type, localized concentration of a gaseous or liquid substance [1]) munitions -
are utilized. Daytime and nighttime biological decay rates were set at zero, and the biological agent

purity was set at 100% to maximize capacity of the water “hazard.”




The second sequential step was to define a munition in the parameter file named VLSMUN.PAR
[1], which is the location where munition descriptions are built or modified. It was decided to
disseminate water ih puffs as a line source to view the water from each puff as it was deposited via
the graphics output file, to track and compare terminal velocities of each puff by reviewing the
output files named VLSTRACK.TRK and VLSTRACK.REC, respectively [1]. The munition was
categorized as a user defined munition and then further defined in a separate puff property file named
VLSTRACK.POS [1]. This file was configured to contain five records for each munition puff,
including the mass, downrange and crossrange distance, height, and detonation time. After making
several successful VLSTRACK runs, in terms of measuring terminal velocity, a standard scenario
was established and then the puff property file parameters were varied many times. Keeping in mind
that it was desired to make the puff release height higher than the distance the droplet would travel
in 1 min, the puff parameter values were varied to substantiate uniformity of terminal velocity from

run to run and to determine terminal velocity for each different MMD.

The third step was to develop a meteorology file in a file pamed VLSTRACK.MET. We know
that meteorological conditions have a significant impact on how agents transport and disperse on the
battlefield. The object of our VLSTRACK.MET file is to define atmospheric conditions that parallel
the constant conditions used for the fluid dynamics calculations [2] for the droplets under the
influence of only gravity and drag. Preliminary VLSTRACK runs were performed using a time
series meteorology file in which meteorology data was input for specific time periods at one
measured height. The model computes meteorological data for all other pertinent heights based on
the meteorological input data and on the atmospheric stability category known as the Pasquill
category [1]. VLSTRACK is programmed to either allow the program to specify the Pasquill
stability category based on the meteorological conditions, time of day, and terrain information or to
allow the operator to select a particular stability category. There are seven categories available,
ranging from very unstable to very stable. In this case, the option was selected for the program to

determine the Pasquill category.

A height-time variable meteorology file was used for all MMD comparative analysis runs in
order to fix the wind at a constant 0 km/hr and the temperature at a constant 21° C at all elevations




to parallel the conditions of the fluid dynamics calculations [2]. It was necessary to use the 0.001-
km/hr wind speed because an anomaly of the model did not allow a constant 0 km/hr wind speed.
The height-time variable meteorology file includes ground surface type, Pasquill stability category,
cloud cover, terrain elevation above sea level, threat measurement height above sea level, wind
bearing, wind speed, air temperature, and atmospheric pressure. The height-time variable
meteorology file that was used consisted of two identical time steps. Including the constant
temperature and wind, the additional parameters were brush-type ground surface, neutral Pasquill
stability category, clear—no cloud cover, and 0-m terrain elevation above sea level for location to

look at the deposition. Four records were included for each time period. They were as follows:

« 0.001-km measurement height above sea level, 90° true north (DTN) [1] wind bearing,
0.001-km/hr wind speed, 21° C air temperature at 1,000-mbar atmospheric pressure.

* 0.5-km measurement height above sea level, 90 DTN wind bearing, 0.001-km/hr wind speed,

21° C air temperature at 950-mbar atmospheric pressure.

+ 1.0-km measurement height above sea level, 90 DTN wind bearing, 0.001-km/hr wind speed,

21° C air temperature at 900-mbar atmospheric pressure.

« 2.0-km measurement height above sea level, 90 DTN wind bearing, 0.001-km/hr wind speed,

21° C air temperature at 800-mbar atmospheric pressure.

After the wéter agent, puff munitions, and meteorological data were detailed in the appropriate
parameter files, the next step was to complete an attack scenario using the six available VLSTRACK
editor windows. Included is the time of day for onset of the attack—in this case, release of the first
puff. All of the modeling scenarios were performed using 0400 (military denoted) local onset time
since night time and early morning conditions provide the calmest atmospheric conditions [4].
Cumulative deposition intervals of 1 min were used for run output. Level of detail of deposition

contour levels was set as low as possible—0.01 mg/m? in order to detect any deposition.




4. Example Application: Number Crunching of Terminal
Velocity

Model scenarios were built and run one at a time, with each subsequent run description
contingent on the preceding run results. Output graphics of hazard footprints were viewed at each
interval during each model run to monitor the time at which water deposited on the ground. Model
scenario inputs were modified until run output graphics exhibited deposition. A uniform base
scenario was then defined and run sequentially varying only sphere MMDs from 500 y1 to 6,000 1.
Terminal velocity numbers were calculated by looking at each individual munition puff and by
analyzing all resulting output files. In particular, after viewing deposition contours in the graphics _
output display file, the corresponding VLSTRACK.TRK output file was saved for each file. This
VLSTRACK.TRK file shows tracking for each droplet (discharged in the munition puff), including
such data as the x and y distance traveled and the height of the droplet at that record. The terminal
velocity was approximated by looking at the time it took for deposition to start and the height the
droplets were released as recorded in the output file VLSTRACK.OUT file [1]. The
VLSTRACK.TRK file was also used to calculate an exact terminal velocity by calculating the

difference in the height of the droplet from one time snapshot to the next.

5. Conclusions and Results

The VLSTRACK.TRK, Table 2, and the VLSTRACK.REC, Table 3, output files track and
record the cloud properties of all airborne vapor, droplet, or particle clouds for each individual puff
released. These files were used to calculate and compare the terminal velocities of water beads from

each puff. The resulting terminal velocity calculations from tracked puffs were all consistent for
each individual MMD.

The results of the VLSTRACK calculated terminal velocities were within expected tolerance of
the fluid dynamics calculations up to a MMD of 2,500 p. Table 1 shows the VLSTRACK and fluid




dynamics [2] calculated terminal velocity of a rigid sphere of water and the measured terminal

velocity of rain droplets.

The fluid dynamics calculations are consistent with the measured terminal velocities of up to
5,000 1 MMD, while VLSTRACK calculations are consistent to water droplets of up to 2,500 p
MMD. In fact this conclusion can also be obtained through statistical analysis which compares

calculated values with each other and with experiments [5].

6. Discussion of the Significant Results

The final results of this study showed that VLSTRACK models terminal velocity accurately for
rigid spheres of water with MMDs from 500 to 2,500 p as indicated by the heavy line in Table 1.
The larger the MMD, >2,500 p, the more discrepancy in the results. These results are reassuring
and could be expected since chemical agents that VLSTRACK is intended to model would not have
such large MMDs anyway. For example, typical MMDs for most dusty and bio agents are only 5 1,
for glass beads are 250 p, for neat agent droplets are 500 j1, and for thickened agent droplets are
2,500 p maximum. VLSTRACK terminal velocity calculations also remained uniform for each
different MMD even when altering mass or release position. The discrepancy of the fluid dynamics
calculations to the measured terminal velocities beyond 5,000 p MMD would indicate a breakup of

droplets.

This comparison study clearly indicates the validity of VLSTRACK for evaluating terminal

velocities in the range for which it is intended.




"A19AD93dsax ‘SUrRISIIIUL U] SSEW PTIO[d PUE ‘1939w J1qNo 19d SUKBISIIUI U] UONBRUIOLOD PROJD ‘SUOIOT UY snipes 3o[doIp ‘seaidop ur oSue UONEJOI PROJD PUIMUMOP “SIajow Ul JySiay
Joke] SurXyw ‘S19j0UI UT UOHIBAQ[D UTELIV) [BI0] ‘SIS)OUI Uf UOKEAR]O UTELIO) 93RIOAR ‘SISO UT BwSis PRojd [EO1IAA ‘SIajour ut ewSis prop PUIMSSOID ‘s3a)ou Ul eSS PRojod puImMuMmop
‘I21oUI U] [9A9] €95 9A0QE JYSIOY ‘SIAYOUI UT SDUBISIP PUIMSSOIO ‘SISJOW UY SOUEISIP PUIMumop ‘raqunu yud ‘xoquinu dnoid az1s 19[doIp ‘SPUOSSS U1 OuUT} 10§ 9IE SUWIN[OD YL :9IoN

LO+H0000'T | 80+H8€00°T| 0°00S 00 0008 | 00 M.o 0 (40 0 9LIOL} T8- | 6921 |¥I} T | 09
LO+H0000°T | 80+H8E00°T| 0°00S 00 0008 | 00 | 00 0 0 0 LEI0T) L8- | T'LIT (€1l T |09
LO+H0000 T | 80+H8€00°T| 0°00S 00 0008 | 00 | 00 0 0 0 6'600I| T'6- | €LOT |ZI|] T | 09
LO+H0000°T| 80+H8E00° 1| 0°00S 00 0008 | 00 | 00 0 (4" 70 09001 | 9%6- | ¥'L6 JIT}] T |09 __
LO+H0000°T | LO+H8IFI'L| 0°00S 00 0008 | 00 | 00 0 0 0 I'C001| ¢6- | . 948 [OI] T |09
LO+H0000°1 | LO+H8IYI'L| 0°00S 00 0008 | 00 | 00 20 0 0 866 | L'8- | 6LL } 6] 1 |09
LO+HO0000°T| LO+H8TFI'L| 0°00S 00 0008 | 00 | 00 0 0 0 EVv66 | €8-| 1'89 | 8] I océ_
LOTHO0000°T | LO+H8TIYI'L] 0°00S 00 0008 | 00 | 00 0 0 0 S066 | 8L-] €8 | L] T |09 __ o
LO+HO000°T | LO+H81Y9'L] 0°00S 00 0008 | 00 | 00 0 4\ 0 9986 | ¥'L-| S8 9| 1 |09
LO+H0000°T | LO+H8IYI'L| 0°00S 00 0008 | 00 | 00 0 0 0 LT | 69-1 L8 | S T |09 =
LOTH0000'T | LO+H8TYI'L] 0°00S 00 0008 | 00| 00 0 0 (4 88L6| S9-| 68C | V]| T |09
LO+HO0000°T | LO+H8TFIL] 0°00S 00 0008 00 | 00 0 0 70 6vi6 | 1T9-| T61 | €| T |09 :
LO+H0000°T | LO+H8IFI"L| 0°00S 00 0008 | 00 | 00 (4" 0 0 L6 | 9S-| €6 |2 1 |09 __
LO+HO000'T | LO+H8IYI'L| 0°00S 00 0008 | 00 | 00 0 0 0 TLO6 | TS- | vO- | 1 I |09
LO+H0000'T | TT+HAY6YE9| 07005 00 0008 | 00 | 00 00 00 00 000CI| 00 | 0O | T 1 0 :
_S+m8oo.~ L11+3r6v<9| 0°00S 00 0008 } 00 | 00 00 00 00 000CI| 00 00 I I 0 _
_ ssew *0U0d snipex | 301 *p[D | 'y X1 | 1y3ys | Saeys | z ewsdys | AewSys | xewis | yySroy | ysip-£ | isip-x | ur | dospr

alpydsouny o)
ysnoayJ, syededorg Loy, se spopdoa(y 3 jo sonadoad oy Supurepuo) apyy nding YYLMIVILSTA o Jo sjdwexy -z aqey,




*A1oAnoadsal ‘SureIS I UT SSBW PNOJO PUE ‘I0jJoul 91qNd 13d SWRISIffiuI ur UONBIIUIIU0D PNOO ‘SUOIOIUI Ul snipel 39{doip ‘s92189p Ul 9[Sue UOIIEIOI PROO PUIMUMOP ‘S1ajow Ut 1YS1ay
Jofe] SuIXIW ‘SI9JOW UT UOHBAS]S UTRLIS) [BD0] ‘SIOJOUI UT UOTIBAS] UTRLIS) 9FRIoAL ‘S19)oul U SIS PRojo [BOIMIAA ‘SIOJOUI Uf BUISIS PNOJO PUIMSSOIO ‘SIojow Uy WIS Pnofo puimumop
‘SIGJAUI UT [AS] BAS 9AOQE JYSIY ‘SIAJUI UT OUB]SIP PUIMSSOIO ‘SISJOW UY SOURISIP puimumop ‘roquunu jjnd ‘raquinu dnoid 9z1s 391doIp ‘spuodds Ul QuIly J0j Ie SUWN|Od 9y, AION

L0+30000°1| 90+HE08T'T] 0°00S | 00 ] 00008 | 00 | YL e 1]
LO+H0000°T | 80+HETIOF 1| 0°00S 00 0008 | 00 | 00 00 0 70 L'6L01| 9°0- | 8'S8C |0t
LO+H0000°T| 80tHETOY' T| 0°00S 00 0008 | 00 | 00 (44 70 70 8°CLOT| T'I- | 8SLC | 6T
LO+H0000'T | 80+HETOV" 1| 0700 00 0008 | 00 | 00 70 70 0 6'1L01| 9'1- | 869C |8C
LO+HO0000'T | 80+HETOV 1] 0°00S 00 0008 | 00 | 00 (4Y] 0 0 1’8901} 1°C- | 86SCT | LT
L0+H0000°T | 80+HETOF 1| 0°00S 00 0008 | 00 | 00 20 20 70 TYo01| 9°C- | 8'SvT |9C
LO+H0000'T | 8O+HETOV T} 0°00S 00 0008 | 00 §{ 00 70 20 0 €090T| 0'c- | 8'SET | ST
LO+H0000°T | 80+HETOV I| 0°00S 00 0008 | 00 | 00 0 20 70 79501 | S'€- | 8'STT | VT
LO+H0000°T | 80+HETIOV 1] 0°00S 00 0008 | 00 | 00 0 70 70 §TSOT| Ov- | L'SIT | €T
LO+H0000°T| 80+HETOV 1| 0°00S 00 0008 | 00 | 00 (4\] 70 0 L'8y01| S¥- | L'SOC | T
LO+HO0000°1 | 80+HETOV'T| 0°00S 00 0008 {00 00 (40 0 (4" 8¥rOT| 0°6- | L'S61 | 1C
LO+H0000°T | 80+d8€00°1| 0°00S 00 0008 | 00 | 00 0 70 0 6'0v01| G- | 6'S81 {0T
LO+H0000°T| 80+H8€00'T| 0°00S 00 0008 | 00 | 00 (4] 0 0 0'LEOT| 6'S- | T'9LT |61
LO+H0000'T | 80+H8£00°T| 0°00S 00 0008 | 00 00 20 0 0 I'€€01| ¥'9- | T991 |81
__ho+mcooo.~ 80+H8¢00'T| 0°00S 00 0008 | 00 00 0 70 0 £'6C0T| 89- | ¥'9S1 | LI
__N.o+..mooco.~ 80+d8€00°T| 0°00S 00 0008 | 00 | 00 70 0 (44 P'ST0T} €L- | 991 |91
LO+H0000°T | 80+H8€00° 1| 0°00S 00 0008 } 00 | 00 0 0 70 ¢'1201| 8L~ | 89¢I | ST
_ ssew *oU0d nmz%ﬁ 01 PO | 1y “xrw Ewm.”l Saeys | z ewiBis | A ewiSIs WSroy | Is1p-£ | Is1p-x | wr

(panunuod) dydsomyy 3y)
ydnoayy, yededoiq Loy, se spopdoaqy 3y o sonsadoad ayy Surureyuo) o1 IndinQ AL MDIVILSTA 3 Jo djdwrexy °g dqeL,




"A1oAyoodsar ‘SureIS1|ji Ut SSeU pnod pue ‘rejowr 21qno Jod SWRISI[ITW UF UOHRHUIOUOD PNOLD ‘SUCIOTUE Ul SNIPEI jordoxp

‘$90189p Uf 9] Ue UOTJEJOI PNOJO PUIMUMOP *

sIajow uf Yoy

30Ke] SUIXIW ‘SIS UI UOYIEAJ]S UTRLIS) [E00] ‘SI9)SUU UY UOHEAS]S UIRLId) 35RI0AR ‘sI0joul U WSIS PROJO [ED1LIAA ‘SISJOMW UY BwSIS PROJO PUIMSSOID ‘S1ojou uj ew3Is pnojo PUIMUMOD
*SI010U UT [9AJ] B3S 9A0GE Y310 ‘SISJOUI UT SOUEISIP PUIMSSOID ‘SIQJOU U 9OUBISIP purmumop ‘requinu ynd ‘soquinu dnoid ozis 391doIp ‘spuodss Uy ) Joj e SUWN[od Ay, :9ION

[L0+H0000°T [ L0+aze9TE] 000 | 00 ] 0008 | 00 ] 00 | €0 | €0 €0 | c008 | ¥1- | coLt |81] 1 Jozl|
L0+70000'T | Lo+aoesoe| 00os | o0 | ooos |00 | oo | g0 | o g0 | vo6L | 81- | soo1 |21 1 [ou
L0+70000'1 | Lo+a9es0e| 0oos | oo | ooos | 00| oo | g0 | ¢o €0 |9z | ez- | wost [o1] 1 |oul
L0+50000'T | Lo+a9¢80'€| 0005 | 00 [ 0008 | 00| 00 | o | €0 go |rssL| cz- | eovt [si| 1 oz
L0+a0000°1 | Lo+a9e80e| 0005 | 00 | o008 [ 00| 00 | €0 | eo g0 | svsL| ce- | oer v1| 1 [ou
L0+50000'T | L0+a9¢80°€| 000s | 00 | 0008 | 00 | 00 | €0 | €0 €0 [ eose| ce- [zrer [er] 1 Joul
L0+70000'1 | 90+acTvTe| 0005 | 00 | 0008 | 00| oo | so | 90 o0 [owL| ve- [y |a| 1 |ou
Lo+a0000'1 | o+aroLie] 000s | oo | o008 | 00| oo | so | 90 o0 |zewe| ov- | sror [1r] 1 [ow
L0+50000'1 | 90+a9120°€| 0005 [ 00 | 0008 | 00 | 00 | o | 90 90 | eeoL| 1v-| 16 for] 1 [ouf
£0+50000'1 | 90+a6296'| 000s [ 00 | 0008 [ 00| 00 [ so | 90 900 |vsoL| ve- [ ozs |6] 1 [ozif -
Lo+50000'1 | 90+asso6z| 00os | oo | ooos [ oo | oo | so [ 90 90 |stofze- ]| ze |8] 1 [ouif
L0+50000°1 | 90+azossz| 000s | o0 | ooos [ 00| 00 | so | 90 90 |ous|sz-| veo [o] 1 |ou
go+ar9eLz| 000s | oo | 0008 | oo | oo | so | o vo | sest|ve-| oz |of 1 |oul
so+aversz| ooos | oo | ooos [ oo oo | so | o vo |eeve|e1-| s [s| 1 [oul
90+azze9z| 0oos | 0o | ooos oo | oo | so | o vo |oowe|si-| oee [v| 1 ou
so+azzyoz| ooos | oo | ooos | oo | oo | so | o ro frewel|oi-| ve | ¢
90+g090z'1| 000s | 00 [ ooos | 00| oo | zo | 60 60 |zseL| oo-| se1 |z
ou0o | snrpex | 301 pp | 1y *x1un | 1ySys E z ewdis “1s1p-£ a

. (panunuod) asdydsouny )
y3noay, ayesedosq Loy, se spordoa( ays yo sanaadoad 3 Suyarejuo)) o Inding SIYL NI VALSTA U1 Jo ojdmexy 7 9jqe],




*Afoanoadsar ‘sureii[iw ul SSeW pnojo pue ‘Iejew dIqnd Jod SWRIFI{IU UF UOHEIJUIOUOD PROYD ‘SUCIONW Ut snipel 19[doIp ‘s3218ap Ul o[SUe UOHEIOI PROJO PUIMUMOP ‘SIGISUI Ui JYSIaY
I9K%] SUTXTUI ‘SIS)OUI UT UOHRAS]S UTRLIS) [BI0] ‘SIA)OUI UT UOTJBAS[O UTELIO) 9FEI0AR ‘SI0jowl Uy ewSIS Pnojo [BoHI0A ‘SIojoul Ul BWSIS Pno[o PUIMSSOID ‘SISIOW Ul BuuSIS priofd puisumop
‘SIQ)3UI UJ [9AJ] 8IS 9A0QE JYBIY ‘SISIOUI U SOUR)SIP PUIMSSOID ‘SIOJOWI UT Q0UB)SIP purmumop ‘requinu yynd “raquinu dnois szis 1o[doIp ‘Spuodas ug oy} 10§ 918 SUWN[0D YL FI0N

LO+H0000°T| SO+HSE90°T| 0°00S 00 0008 o.onn 00 Sl q 0c FLIS | €9- | L'ey | S

LO+H0000'T | SO+H19%0° T} 0°00S 00 0008 | 00 | 00 Sl 0c 07 CeIS | 6S- | 6¢E |V

LO+H0000°T | SO+HT16T0°T| 0°00S 00 0008 | 00O | 00 S'1 07 0cC €605 | SS- | IVT | €

L0+H0000°T | ¥O+HEE90°6| 0°00S 00 0008 | 00 | 00 91 I'c I'c Psos | oS- | €vl | T T |08
LO+H0000°T | ¥O+H8116'8| 0°00S 00 0008 | 00 | 00 91 I't It SI0S | 9%v-| 9v | 1| T |081
LO+H0000°T | LO+HB9SS'E| 0°00S 00 0008 | 00 | 00 €0 €0 €0 698 | ¥¥ | 668C |0t 1 |OTI
LO+H0000°1 | L0+H89SS €| 0°00S 00 0008 | 00 | 00 €0 €0 £0 oev8 | 6¢€ | 66LC |62 T | 0TI
LO+H0000°T | LO+H89SS'E] 0°00S 00 0008 | 00 | 00 €0 €0 £0 1'6€8 | ¥’ | 669C |8C] T |OCTI
LO+H0000°1 | LOTHBISS'E| 0°00S 00 0008 | 00§ 00 €0 £0 £0 TSeE8 | 0°€ | 6'6SC LT T |OCI
LO+H0000°T | LO+H89SS'E| 0°00S 00 0008 | 00 | 00 €0 €0 €0 P'Ie8 | ST | 66T |9C) T | 0TI
LO+H0000°T | LO+H89SS €] 07008 00 0008 | 00 | 00 €0 €0 €0 L8| 0T | 66£T |SCy 1 0TI
LO+H0000°1 | LO+HB9SS'E| 0°00S 00 0008 | 00| 00 €0 €0 €0 9¢8 | ST | 66CC |¥TE 1 | 0TI
LO+H0000'T| LO+H89SS €| 0°00S 00 0008 | 00 | 00 €0 €0 £0 L'618 | O1 | 661T |€C] T |0TI
LO+HO0000'T | LO+H89SS°€l 0°00S 00 0008 | 00O | 00 €0 €0 €0 8'GCI8 | SO0 | 860C |TT| T |OCI
LO+H0000'T | LO+H89SS'E| 0°00S 00 0008 | 00 | 00 €0 €0 €0 ozis | oo | 661 |1z] 1 |0z
LO+H0000°1 | LO+HIE80°C| 0°00S 00 0008 | 00 | 00 £0 €0 £0 1'808 | ¥'0- | 0061 |OCf T |OCI
LO+H0000'T | LO+HIE80°E| 0°00S 00 Im.cow 00| 00 €0 €0 €0 | CT¥08 | 60— | TO8T |6If Iolmh_
_ ssew *dU0d snipex | 301 "ppD | Y X1 Ewswl. Saeys | zewsdis | A ewiSis | xewdis | ey .E“ ISIp-X | I E @

(panupuod) dxydsouny a3Y)
y3noayy, spededoaq Loy, se spordoaq ayy jo sopsadoad oy Sutureiuo) apg IndinQ YALMOVILSTA 293 Jo sjdwexy -z a[qe],

13




"A1oA1I00dS0I ‘SUTRIBY[[TUL UT SSEUI PROJO PUE ‘Jojow JIqND Jod SUreISIf[Iw Ul UOHBHUIIUOD PNOJD ‘SUOIONW U Snipes jo[doIp ‘sa01op ur ojSue uone;ol PROJO PUIMUMOP ‘SIaJoW Ul 1oy
JoAR] SUIXIUI ‘SISJOUI UT UOTIEAJ]Q UTBLIS) [EDO] ‘SIOIOW UT UOHBADO UIELIS) 9FRIOAE ‘SI0joul U BWISIS PROJO [E01I0A SIa)oUI Uf ewSIS pnojo PUIMSSOID ‘SIOJOUI Ul BLIS[S POJO PUIMUMOP
‘SI0JOUL UY [9A] BIS IA0GE JYSIay ‘SIojout U QOUBISIP PUIMSSOID ‘SIOJOUI Uf 0UeISIP puimumop ‘requinu yynd ‘sequinu dnois az1s joido1p ‘spuooes uy QUIY) JOJ I8 SULINJOD 3YJ, :SION

LO+H0000°1 | SO+H6VSL'T 00 0008 | 00 | 00 el L1 L1 0°€8S a.mf L0IT |TT 081
—_ho+moooo.~ SO+HLETL'T 00 0008 | 00 | 0O | L1 L1 '6LS | ¥'v- | L'00T | 1T 081
=8+moooo.~ SO+d91€9°1 00 0008 } 00 | 00 el L1 L1 £'SLS | 67~ | 6061 |0T 081
L0+H0000°'T | SO+H6T09°1 00 0008 | 00| 00 | L1 L1 VILS | €S- | T'I8T |61 081
LO+H0000°T | SO+HP9TS’1 00 0008 | 00| 00 1A 8’1 81 SL9S | 8'S- | TILT |81 081
LO+H0000° 1| SO+H866V"1 00 0008 | 00 | 00 ¥l 8’1 81 9'¢9S | T9- | ¥'I91 | LI 081
LO+H0000°T | SO+H8ELY"T 00 0008 | 00| 00 A 81 81 L'6SS | L'9- | 91ST |91 081
LO+H0000°1 | SO+HS8FY"1 00 0008 ) 00| 00 1A 8’1 8’1 6'SSS | TL- | 8I¥L | ST 081
LO+H0000°T | SO+H6ETY" T 00 0008 | 00 | 00 1! 81 81 0TS | 9°L- | 6'1€T |V 081
LO+H0000°T | SO+H866¢" T 00 0008 | 00 | 00 ¥l 8’1 8'1 '8yS | 1I'8- | I'CCI | €1 081
LO+H0000°' T} SO+H870T'1 00 0008 | 00| 00 S | 61 61 TyysS | §8- | €TII
LO+H0000°T | SO+H6181°T 00 0008 | 00| 00 | 6’1 6’1 eovs | 06— | ¥'201
__5+moooo.~ SO+HILST'T 00 0008 | 00| 00 Sl 6’1 6’1 §9eS | S8- 1 976
=no+mcooo.~ SO+H8LET'T 00 0008 | 00| 00 | 61 6’1 9TeS | 18- | 67T8
LO+H0000°T | SO+HSSIT"T 00 0008 | 00 | 00 Sl 0¢ 0c L8 | L'L- | TeL
LO+H0000'T | SO+HL660°'T 00 0008 } 00| OO0 | 0C 07c 8VIS | TL-| €¢9
_ho+moooo.~ SO+ar180'1 00 0008 | 00 | 00 | 0C 0c 6'0CS | 89- | S€S
_ ssew *0U0d 01 °pD | 1Y X1 | 1y3ys | Saeys | z ewsSis | Aewdis | xewsdis | wySoy | sip-A | ysip-x

(panunuod) aydsouny ay)

ysnoayy, ae3edolq Loy, se spordoaqy oy jo senodoad oy Suureyuo) afig IndinQ LMD VULSTA 293 Jo apdurexy -z ajqe],



*Koanoadsar ‘swieISifjnu Uy ssew pnopo pue ‘1ejow o1qnod xod SURISTI[IU UT UOHRIIUSOUOD PROJD ‘SUCIOIUI U snipel 39]doIp ‘so018ap uy 9jSUR UOLIOI PNOJd PUIMUMOP ‘SI0)OW UT JySiay
I0Ae] SUTXTW ‘SI0JOW UT UOTIRAS[S UTRLIA) [200] ‘SIAJUL UT UOIBAQ[S UTELIS) 9SRIOAR ‘SI0jowW Ut ewSIS pnofo [edIHaA ‘s1ojow uf ewSiS PRofo PUIASSOIO ‘SI9)oul Ul BWSIS Pnojd puImumop
‘SI0JOUI UT OAQ] 89S 9A0QE JYS1oY ‘SIOJOUI UT SOUB)SIP PUIMSSOID ‘SIAJOUI U 20ue)SIp puimumop ‘Joquinu yynd “roquinu dnoid ozis 3odoIp ‘Spuodas Ut Suwy) 10§ 91 SUWN[0D SYJ, ‘910N

.S+moooc.~ Y0+H61€8°C| 0°00S - 00 0008 ml. 0] 00 14 B I'e I'e 8'66C | S'T1-| 8¥8 | 6
LO+H0000°1 | YO+HSY6L'T| 0°00S 00 0008 | 00 | 00 1 I'e I'e 6'S6C | O'TI-| OSL | 8
LO+HO0000°T | YO+HBLSL'T| 0°00S 00 0008 | 00 | 00 7 (4> ce 0C6C | 901~} TS | L
LO+H0000°T | YO+H61TL'T| 0°00S 00 0008 | 00 | 00 €7 (4% (4> 1'88C | 101-] ¥'SS | 9
LO+H0000°1 | ¥0+H9989°C| 0°00S 00 0008 { 00| 00 €T e [4? TY8C | L'6- | 9ISV | S
L0+d0000°1 | ¥O+H1TS9C| 07008 00 0008 | 00 | 00 €C e (4> v'08C | T6- | 8S¢ | ¥
LO+H0000°1 | ¥O+HT819°C} 0°00S 00 0008 | 00 | 00 ¥ (4 [42 €9LT | 88-] 19T | ¢
LO+HO00001 | ¥O+HL69VT| 0°00S 00 0008 | 00 | 00 L& £t et 9CUT | v'8-] €91 | C
LO+H0000° | YOHHILEY'T| 07008 00 0008 | 00 | 00 T €€ £'e L'89C | 6'L- €9 |1
LO+H0000°1 | SOHHSYSET| 0°00€ 00 0008 | 00} 00 (4! | I I'vi9 | 00 | 806C |OE|] T | O8I
LO+H0000°T| SO+APIIET) 0°00S 00 0008 | 00| 00 Tl Sl Sl 019 | S0- | 808C |6C] 1 |O8I
__5+moooo; SO+HL081°C| 0°00S 00 0008 | 00 | 00 (4! 91 91 €909 | O'T- | 80LT |8C| 1 ]08I
LO+H0000°1 | SO+HOTIVYT'C| 0°00S 00 0008 | 00 | 00 ¢l 9l 91 ve09 | S'1- 1 809C {LT] 1 08I
LO+H0000°T| SO+dEYT0C| 0°00S 00 0008 | 00 | 00 (4! 91 91 9865 | 6'1- | 80ST |9¢| 1 | O8I
LO+H0000°T | SO+HLL86'T| 0°00S 00 0008 { 00 | 00 1l 91 91 L'v6S | v'C- | 80vC | ST T | O8I
L0+H0000°T ] SO+H0E88'T| 0°00S 00 0008 | 00 | 00 el 91 9'1 8065 | 6C- | 8°0€C |[¥T| 1 | 08I
SO+HT6V8' 1| 0°00S 00 0008 | 00 | 00 el 91 91 6985 | ¥'e- | L'OTT }€T] 1 08I
*0U0D snrpe1 | 301 *p1D | "I ‘xTw Em:M 3aeys | z ewdrs ﬂ«&wmm x ewiS1s | w810y | “1s1p-£ | -3s1p-x | ur | doipi | owmy

(ponunuod) drydsouny 3y
ydnouqy, spededoad Aoy, se spopdoaq 3y jo saptadosd ayy Supureyuo)) dpi IndinQ YL MDVILSTA 94 Jo sjdwexy °z [qe],




*A[oAnoadsal ‘sureaBrur ug ssews pnojd pue

‘103Ul O1qNO Jod SUrRISI|IIW UY UOKRIUIOUOD PROO ‘SUOIDFUI UY suipes JojdoIp ‘s00130p ut 9]Fue uonejox PROJO pUIMUMOP ‘sIajow Ul yS1ay
JoAe] SUIXTW ‘SISO UT UOKIRAJ]S UIBLIS) [EO0] ‘SIOIOW U UOHBARS UIBLIS) OSRICAR ‘SIOJoW uy ewiSIS pnojo [edJHA ‘SI9JeU UT BWISIS pRojd puImssold
‘SI0J3UI U [9AJ] 8IS 9A0QE Y10y

‘s19joul Ut WSS PRofO pUIMUMOD
'SI010UI UL S0UB)SIP PUIMSSOID ‘SISJOUI Uf QUBISIP purmumop ‘raquinu yynd ‘raquinu dnoig oz1s 1o[doIp ‘spuodas Ul 9um JOj Ie SUWN[0D YL, :SION

__S+|m58ﬂ YO+HESS6'E [ 00 | 00 8T | Ls9E LTST | VT
L0+H0000°1 | 0+a9206°€ 00 | 00 8T | 619¢ LT ove
LO+H0000'T | O+H8008'€ 00 [ oo 8T | 0'8se L'TET ove
L0+H0000°1 | PO+ALLYLE 00 | 00 g7 | 1'vse L2t ove
L0+H0000°1 | pO+ALISO'E 0o | oo 67 | zose L712 ove
LO+H0000'T | ¥0+T0109°€ 00 [ oo 6T | cove L'70C ove
LO+H0000°T | 0+A8Y0S"€ 0o | oo 67 | vove 8761 ovz|
L0+H0000'1 | 0+A995H°€ 00 | 00 67 | osee 0'€81 ove|
L0+30000°1 | O+T60LE 'S 00 | 00 67 | Lvee TELT ove
LO+H0000°1 | O+HOSTE € 0o | oo ot | soee £'€91 ove
L0+30000°1 | P0+T008T'€ 00 | 00 0c | 69te GEST ove
llzo+a0000°1 | vo+asscz-e 00 | 00 oc | oeze LEpT ove __
L0+80000°1 | O+aLTET S 0o | 00 oe | zelc 6EET 9&__
L0+H0000°T | P0+TY0ST'€E 00 | oo 0 | esIe 0¥zl ove
L0+30000°1 | vO+T6TS6'C 0o [ oo re | vre TPl ove
LOE0000°T | YO+HIET6C 00 | 00 re | seoc yHoT ove|
L0+30000°1 | vO+a10L8° 00 | 00 re | ooe o6 | ove]
_ ssewt W3ys | Saeys X ewsdis

(panunuod) arsydsounyy )

ysnoxyJ, syededoiq Loy, se sypopdoa(y a1 yo sopaadoag oy Surureyuo) oy nding YLD VILSTA o Jo sjdurexy -z s[qey,




*Ajoanoadsar ‘swreI3i[jiur ur ssew pnojo pue “JoYW dIqnd Jod SUNRIIITUI UT UOHEIUIIUOD PROJO ‘SUOIOT UT Snipel 39]do1p ‘s32139p ur S[SUE UCHIEIOI PNOD PUIMUMOP ‘SISUI UT JYSIaY
JoAe] SuIXjus ‘sI0}OUI Uf UOHBAQ[S UTRLID) [BOO] ‘SISJOUI UT UOHILAQ]S UTRLId) 05eI0AR S10)0w Ul BWSIS PROJO [BOHIOA ‘SIOJU UT WIS Pnojd PUIMSSOID *S10)our UT ewSiS pnojd pUIMumop
‘SISJOUL U} [OAJ] BAS dA0QR JYSIAY ‘SIOJOUI UL I0ULISIP PUIMSSOIO ‘SISJOUI UT 9DUE)SIP pulmumop ‘toquinu gnd ‘roquinu dnoid 9zis o[doIp ‘Spuoaas Ut ST} 10§ oI SUWN[OD 9], :AION

__.aoooﬂl y0+d6881°1| 000§ 00 0008 | 00 | 00 nj“ (44 §T8 | T6- | 86TI |€1I| T |O00E __
__S+moooo.~ YO+HLVYT 1] 0°00S 00 0008 | 00 { 00 0¢ %4 1% 98L | 96- | O°0CT |TI|] T |00¢ __
LO+H0000'T | ¥O+aYTET T| 0°00S 00 0008 | 00 | 00 I't ey 124 LyL | T°OT-| ©O1T | II} T |O0¢
_—S+moooo.ﬁ YO+ay6IT1 1] 0°00S 00 0008 | 00| 00 I'e 1984 984 80L | L'6- | ¥00T {OI] T |O0O¢
LO+H0000°T | YO+ASLOT'T| 0°00S 00 0008 ] 00 | 00 Te 194 194 699 | T6-| 906 | 6] 1 |00€ __
_— LO+H0000°T | YO+HLS60°T| 0°00S 00 0008 | 00 | 00 I'e 13 4 144 I'e9 | 88-| 808 | 8] T |O0¢
LO+H0000'T | ¥O+HTY80'T] 0°00S 00 0008 | 00 | 00 I'e vy vy T6S | €8-| OIL | L] T |ooc
LO+H0000°1 | YO+H8TLO'T| 0°00S 00 0008 } 00 | OO0 I't vy vy €SS | 6L-| TI9 | 9f T |00E
LO+H0000°1 | O+HLIZ0T| 0°00S 00 0008 | 00 | 00 I'e vy vy VIS | vL- | VIS | S| T |00€
LO+H0000°1 | ¥O+HLOSO'T| 0°00S 00 0008 | 00 § 00 I'e 14 % vy Sy | OL-] 91y | ¥ T |00E
LO+HO0000°T | YO+H66E0°T| 0°00S 00 0008 ] 00 | 00 I'e 144 vy ey  99-1 81€ | €] T {00¢
LO+H0000'T | YO+H6E00°T] 0°00S 00 0008 { 00 | 00 (4 SY Sy 86t | 1'9-| TCC | CT| T |00€E
LO+H0000'1 | €O+HZYE6'6] 0°00S 00 0008 | 00 | 00 e 19 4 Sy 6Se | L'S-| €c1 | T} 1T |00t _‘
LO+H0000°1 | YO+HS00EY| 0°00S 00 0008 | 00 § 00 0c Le L'e eI8c | €€~ | L'T6T jOEl T | OPT
_S+moocoﬁ y0+d68¢T Y| 0°00S 00 0008 { 00 | 00 0C Lt L't V'LLE | 8¢~ | L'T8C |6C) 1 | OVC
__8+m80o~ vO+d9pTIy| 0°00S 00 0008 } 00 | 00 0c L't L'e SeLe | €v- | L'TLT |8C] 1 |OvC
Y0+d1990%| 0°00S 00 0008 1 00 | 00 | 4 87 8T 9'69¢ | 8V~ | LC9CT ore
snipex | 01°prD | 1y ‘x| 1y3ys | Saeys | zewsrs | A ewiSis | x ewiSis

(ponunuod) dzydsouny ay)
y3noxyJ, aededolq Loy, se sppdoi( o Jo sapsadolg ayp Supureyuo)) oL IndinQ YYL MO VILSTA 2 Jo ojdurexy °Z J[qe,

17




"AoAnoadsal ‘sureaB1[[yur Ut SSew profo pue “Xejow 1quo Jod SWRISITU U] UOHENUAOU0D PROJD SUOIIT ur snipel J9jdop ‘s3a189p ur S[SUE UOHEIOI PROLO PUIMUMOD
Joke Surxrw ‘SIjoUI UT UOTIBAS[S UTELID) [BOO] ‘SISJOW Uf UOTIBAS]Q UTBLID) 95RIoAE

‘s1a)ou ut JySroy
‘SI313LU UT WSS PROJD [ED1110A ‘SISJOW Uf BWSIS PO PUIMSSOID ‘SIo)owr U BwSIS pnofo PUIMUMOp

‘SI9JoUI UT [9AJ] B3S 9A0QE JYSISY ‘SIGJOUT UT QOUBISIP PUIMSSOID ‘SIOJOUI U 0UESIP pupmumop “squinu gynd “raquinu dnois ozis 39[do1p ‘spuo3as UJ AW} JOJ I SUWN|OD YL, :9ION

LO+HO0000°T | ¥O+HO0T6Y° 1] 0°00S 00 0008 nnlol.llloﬂo 8'C 6t 6'¢ L&'i4! I~|~|| 86T |0E|l T | 00¢
LO+HO000 T | YO+HHIVLY 1| 0°00S 00 0008 | 00 | 00 8'C 6t 6'¢ 9Ovrl | 91- | 88T |67 T | 00€
LO+H0000°1 | #O+HO8YY 1| 0°00S 00 0008 | 00 | 00 87T 6¢ 6'¢ Loyl | TC- | S'8LT |8C] 1 |00¢€
LO+HO0000°[ | O+HITEY ' T| 0°00S 00 0008 | 00 | 00 87 0y oy 89¢l | 9T~ | 89T [LT] T |00€E
LO+HO000°T | ¥0+H9907° 1| 0°00S 00 0008 § 00 | 00 6T 107 (107 6CEl | T'e- | $8SC |92| T | 00¢€
LO+H0000°[ | ¥O+H806E° 1| 0°00S 00 0008 | 00 | 00 6'C 107 4 06C1 | Se- | Ss8vT |ST| 1T |00€
LOTHO000°T | ¥O+H899E'T| 0°00S 00 0008 | 00 | 00 6C (107 oy STl | Ob- | S'8¢T |vT| T |00t
LO+HO0000°1 | ¥O+HSTSE T| 0°00S 00 0008 | 00 | 00 6C 134 oy eI | Sv- | s8TT |€T| 1 |oo0¢
LO+H0000°I | ¥O+HY8TE 1| 0°00S 00 0008 | 00 | 00 6T I'v I'v VLIT | O0°S- | §8IZ |TC] T |00¢€
LO+HO000'T | YOHHLETE T 0°00S 00 0008 | 00 | 00 67 I'v 'y SEIT | §S- | v'80C |IT} 1 | 00€E
LO+H0000°T | ¥O+HS06T 1| 0°00S 00 0008 | 00 ] 00 6C I'v I'v 9601 | 09— | 9861 |0C| T | 00€
LO+HO0000°I | YO+HEILT 1| 0°00S 00 0008 } 00 | 00 6C I'v I'v L'SOT | ¥'9- | 8881 |61 1 |00¢€
__S+moooc.~ Y0+d0SST' 1} 0°00S 00 0008 | 00| 00 0¢ I'v 'y 6101 | 69- | O°6LT |81} T | 00€E
__\lo+m5coo.~ YO+HHEIVTT| 0°00S 00 0008 | 00| 00 0¢ <y (24 086 | €L- | T'69T {LT| 1 |o00¢
LO+H0000°1 | YO+H6LTT 1| 0°00S 00 0008 | 00 | 00 0¢ (44 (4% I'v6 | 8L- | €6ST |91 T |00¢ __
LO+H0000°1 | ¥O+HIVIT 1| 0°00S 00 0008 | 00 | 00 0¢ [47 (47 06 | €8~ S6b1 |SI] T |o0¢
LO+H0000°T | ¥O+H910T' 1| 0°00S 00 0008 | 00 | OO 0¢ (4% (A% €98 | L'8- | 96¢l |vI} T |00€

*2U0d snipex | 301 *p1D | W *x1u | 1y3ys wﬂﬁw Zz ewdis | ATewiis | x ewiSis ‘JSIp-X ﬂ doapr Wc.m_

(ponunuod) sxsydsouny ap
yanoyy, apededoiq Layy, se spordoa( ays jo sopsedold o Suyuzeyuo) opg Iding AL MIVILSTA 343 Jo ojdwexy -z oqeL

18




: *A1oAnoadsar ‘xojour o1qno xod sweIdyjru ur
UONEIUAIUOD PUE ‘S32139p UT 9]3UE UONEIO1 PROJD PULMUMOP ‘SIS}OUI UT BUIIS PROO PUIMSSOID ‘SIS}U UT BWSIS PROJO PULMUMOP ‘SIS)3UI UT 9OUR)SIP PUIMSSOIO *SIS)UI
U 90UR)SIP PUIMUMOP ‘SUOIOTW UF J9)ourerp 19[doIp ‘spuodas ul swp ‘requinu yynd ‘xequinu dnoag ozis yopdorp ‘xopur Surgioomws pnojpo 10§ aIe SUWN[Od Y], 910N

@vvmcs 00 8 8 6¢c- | OL9I | 00001 Ll 0
YO+HS06T L 00 | Lv | Lv | <ce- | Sist | oooor | cbce | o1 | 1 0
VO+EGSET L 00 L't Ly €¢- 0'8p 1 0°0001 eeee | s1 | 1 0
YO+HSLST L 0°0 LY Ly pe- S'8El 00001 gzee | v1 | 1 0
YO+EVLET'L 00 Lt L't G- 0621 0°0001 g1ze | €1 | 1 0
PO+ES166'9 00 8y 8y Lg- 611 00001 goze | ¢ | 1 0
YO+HGEYT L 00 LY Ly - 8'601 0°0001 g6t | 11| 1 0
PO+H8681"L 00 L't L'y b- 1001 00001 egre | or | 1 0
PO+HSSET 'L 00 L't L'y S~ 06 00001 eLe | 6 | 1 0
PO+H6LSO'L 00 L'y L'y Sh- L'08 00001 gore [ 8 | 1 0
PO+I6LEOD'L 00 8y 8 9%~ 0L 00001 gste | L | 1 0
POHAEV6T L 00 L'y L't 9p- I'[9 0°0001 evie | 9 | 1 0

| voraseree 00 L'y L'y Lt~ €15 00001 gere | s | 1 0

__ PO+EST6L'L 00 LY LY LY~ ' Ip 00001 ezie | v | 1 0 __

__ VO+EO YT L 00 LY LY LY- 9'I€ 0°0001 ere | ¢ I 0 __
PO+IES66'9 00 8y 8y 8- LT oooor | gote | ¢ | 1 0 __
YO+AOLYT L L'y L't S~ €Tl 00001 €60 | 1 | 1 0 _

"J01pNop | K ewsIs | x ewss QOUEISID-A | Q0UEISIP-X ig

sdejIng punols) ay) sundeduy sppdoiq 3y Jo sopaedoay oy Sururejuo) o IdinQ YTA DI VIULSTA 24 Jo ajdumiexy ¢ djqe],




*A1oAnoadsai ‘xorem 01qno 1od sweidmiu ug

UOLRIURUOD PUE ‘S90139p UT 9]3Ue UOTIE]OI PNOJO PUIMUMOP “SIONOW Ut BWISIS PROO PUIMSSOID ‘SI0joul UT BULSIS PROJO PUIMUMOP ‘SISJUI U QOUBISIP PUIMSSOIO ‘SI0Joul
Ul dUBISIP PUIMUMOD ‘SuoIoTuI UT Jajourerp Jordoap ‘spuodss ur swp ‘requinu yynd Joquinu dnoid ozis 1o[doIp ‘xopur SurpoOWs pnojyd J0J SXe SUWN[OD AL BI0N

VO+A610C L 00 v | LY 96 £S6C | 00001 | €s8ec | 05 | I 0
Y0+d80ST°L 00 Ly Ly 9'8 £'68C 070001 eLEE 6C I 0
Y0+dy080°L 00 Ly LY 9L V'SLT 0°0001 £9¢ee 8T I 0
YO+dS0€0°L 00 8 4 8V L9 ¥'S9C 070001 £eee LT I 0
¥0+d0796°9 00 4 8V LS §°6ST 0°0001 £vee 9C I 0
YO+d7€16'9 00 3 4 8V Ly §SVe 0°0001 £eee ST I 0
YO+dy9¥8°9 00 8V 8V Le 9°GET 0°0001 £TeE 144 I 0
PO+HL86L9 00 8V 8V 8T 9°¢TC 0°0001 tlee €T I 0
VO+dLEEL 9 00 6V 6v 8’1 LS1T 0°0001 £0ee (44 I 0
YO+d¥08T'L 00 LY Ly 80 8°60C 0°0001 £'67¢ IT I 0
Y0+d8S0T°L 00 Ly LYy 1'0- 1961 0°0001 £8C¢ 114 I 0
YO+HLYST L 00 Ly Ly 01- 981 0°0001 eLTE 61 I 0
YO+dEY80°L 00 LY Ly 0¢C- LOLI 0°0001 £'97¢ 81 I 0
701 PO | A BW3Is | X ewsis | QQUBISIP-X | IojoweIp aun ur .d%@
N W

(panunuod) dejang
punoay) ayy dunoeduy sppdoaq oy Jo sontadoad ayy Supureyuo) o Inding DAAIDVULSTA 23 Jo ojdwexy °¢ Jjqe],

20



7. References

Bauer, T., and R. Gibbs. “Software User’s Manual for the Chemical/Biological Agent Vapor,
Liquid, and Solid Tracking (VLSTRACK) Computer Model.” Version 1.6.2, NSWCDD/MP-
96/131, June 1996.

Soln, Josip Z. “Fluid-Dynamics Assessments of Deposition and Infiltration Models.”
ARL-TR-1525, U.S. Army Research Laboratory, Aberdeen Proving Ground, MD, October

1997.
Blanchard, D. C. “From Raindrops to Volcanoes.” Doubleday, Garden City, NY, 1967.

Smith, B. G., and J. T. McCullen. “Chemical Agent Challenge Analysis for the RAH-66
Comanche: Blood Agents, AC and CK.” ARL-TR-1595, U.S. Army Research Laboratory,
Aberdeen Proving Ground, MD, January 1998.

Baker, William (Statistician). Private communication. U.S. Army Research Laboratory,
Aberdeen Proving Ground, MD, December 1998.

21




INTENTIONALLY LEFT BLANK.

22




NO. OF

COPIES ORGANIZATION

2

DEFENSE TECHNICAL
INFORMATION CENTER
DTIC DDA

8725 JOHN J KINGMAN RD
STE 0944

FT BELVOIR VA 22060-6218

HQDA

DAMO FDQ

D SCHMIDT

400 ARMY PENTAGON
WASHINGTON DC 20310-0460

OSD
OUSD(A&T)/ODDDR&E(R)
RJTREW

THE PENTAGON
WASHINGTON DC 20301-7100

DPTY CG FOR RDE HQ

US ARMY MATERIEL CMD
AMCRD

MG CALDWELL

5001 EISENHOWER AVE
ALEXANDRIA VA 22333-0001

INST FOR ADVNCD TCHNLGY
THE UNIV OF TEXAS AT AUSTIN
PO BOX 202797

AUSTIN TX 78720-2797

DARPA

B KASPAR

3701 N FAIRFAX DR
ARLINGTON VA 22203-1714

NAVAL SURFACE WARFARE CTR
CODE B07 J PENNELLA

17320 DAHLGREN RD

BLDG 1470 RM 1101

DAHLGREN VA 22448-5100

US MILITARY ACADEMY

MATH SCI CTR OF EXCELLENCE
DEPT OF MATHEMATICAL SCI
MAJ M D PHILLIPS

THAYER HALL

WEST POINT NY 10996-1786

23

NO. OF
COPIES ORGANIZATION

1  DIRECTOR
US ARMY RESEARCHLAB
AMSRL D
R W WHALIN
2800 POWDER MILL RD
ADELPHI MD 20783-1145

1  DIRECTOR
US ARMY RESEARCHLAB
AMSRL DD
JJROCCHIO
2800 POWDER MILL RD
ADELPHI MD 20783-1145

1  DIRECTOR
US ARMY RESEARCHLAB
AMSRL CS AS (RECORDS MGMT)
2800 POWDER MILL RD
ADELPHI MD 20783-1145

3  DIRECTOR
US ARMY RESEARCHLAB
AMSRL CILL
2800 POWDER MILL RD
ADELPHI MD 20783-1145

ABERDEEN PROVING GROUND

4 DIRUSARL
AMSRL CILP (305)




NO. OF

COPIES ORGANIZATION

1

CMDT US ARMY TRADOC
ATZHME

SYS MGR

FT GORDON GA 30905

CMDT US ARMY CML SCHOO!
ATZHCM C ‘
FT MCCLELLAN AL 36205-5020

CDR US ARMY TRADOC
ATCD S

ATCD SB

FT MONROE VA 23651-5000

DIR

US ARMY TRADOC ANALYSIS CTR
ATRCW '
WSMR NM 88002-5502

NSWC

T BAUER

R GIBBS

DAHLGREN DIV
DAHLGREN VA 22448-5100

DIR

US ARMY NUCLEAR & CML AGCY
MONA EM

7150 HELLER LOOP SUITE 101
SPRINGFIELD VA 22150

DIR

US ARMY CNPT ANALY
AGCY REQMT DIR

CSCA TCA MR BENNET
8120 WOODMONT AVE
BETHESDA MD 20814-2797

BATTELLE CBIAC
JROSSER

2113 EMMORTON RD
EDGEWOOD MD 21040

DIR

US ARMY RESEARCHLAB
AMSRL SL C HOPPER
WSMR NM 88002-5513

NO. OF

COPIES ORGANIZATION

39

ABERDEEN PROVING GROUND

DIR USARL
AMSRL SL

JWADE

J BEILFUSS
AMSRL SL B

J SMITH

W WINNER
AMSRL SL BA

M RITONDO
AMSRL SL BE

D BELY
AMSRL SL BN

D FARENWALD

JSOLN (30 CYS)

JMCCULLEN
AMSRL SLE

M STARKS

CDR US ARMY TECOM
AMSTETA
AMSTE TC

CDR USAMSAA
AMXSY ST
AMXSY D

CDR CBDCOM
TECHNICAL LIBRARY
BLDG E3330

CDR USATECOM
AMSTE TC




REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

o! suggestions lor roduclng thls burden. to w hi

T AGENCY USE ONLY (Leave biank) 2. REPORT DATE

April 1999

Sorvlces. DI for f‘,
e REPORT TYPE AND DATES COVERED

Final, Aug 97 - Apr 98

4. TITLE AND SUBTITLE

Correlation Analysis of VLSTRACK Model Results With Theoretical and
Experimental Data for Rigid Sphere Terminal Velocities

6. AUTHOR(S)

ATTN: AMSRL-SL-BN

e —————————————————————————
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

Josip Z. Soln and Judith T. McCullen

5. FUNDING NUMBERS

U.S. Army Research Laboratory

Aberdeen Proving Ground (EA), MD 21010-5423

e ————————————————————————————————
9. SPONSORING/MONITORING AGENCY NAMES(S) AND ADDRESS(ES)

Public reporting burden for this of is to ge 1 hour per response, including the time for g g data )
gatherlng and malntaining the data needed, and and the ot Send g g this burden estimate or any other aspect of this
and Reports, 1215 Jetterson

6605604D671

8. PERFORMING ORGANIZATION
REPORT NUMBER

ARI-TR-1938

10,.SPONSORING/MONITORING
AGENCY REPORT NUMBER

11. SUPPLEMENTARY NOTES

v Ty o v T
12a. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution is unlimited.

12b. DISTRIBUTION CODE

with experiments.

13. ABSTRACT (Maximum 200 words)

In this report, we undertake the task of verifying the VLSTRACK model on the specific example of raindrop terminal
velocities, which were calculated directly from Fluid Dynamics. In this example, the verification is in good agreement

e e
14. SUBJECT TERMS

VLSTRACK, fluid dynamics, terminal velocity

15. NUMBER OF PAGES

29
16. PRICE CODE

25 Prescribed by ANSI Std. 239-18

e —————————————————————————————— e —
17. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION [ 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

298-102




INTENTIONALLY LEFT BLANK.

26




USER EVALUATION SHEET/CHANGE OF ADDRESS

This Laboratory undertakes a continuing effort to improve the quality of the reports it publishes. Your comments/answers
to the items/questions below will aid us in our efforts.

1. ARL Report Number/Author____ ARI-TR-1938 (Soln) Date of Report _April 1999

2. Date Report Received

3. Does this report satisfy a need? (Comment on purpose, related project, or other area of interest for which the report will
be used.)

4. Specifically, how is the report being used? (Information source, design data, procedure, source of ideas, etc.)

5. Has the information in this report led to any quantitative savings as far as man-hours or dollars saved, operating costs
avoided, or efficiencies achieved, etc? If so, please elaborate.

6. General Comments. What do you think should be changed to improve future reports? (Indicate changes to organization,
technical content, format, etc.)

Organization

CURRENT Name E-mail Name
ADDRESS

Street or P.O. Box No.

City, State, Zip Code

7. If indicating a Change of Address or Address Correction, please provide the Current or Correct address above and the Old

or Incorrect address below.

Organization

OLD Name
ADDRESS

Street or P.O. Box No.

City, State, Zip Code

(Remove this sheet, fold as indicated, tape closed, and mail.)
(DO NOT STAPLE)




